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[SUMMARY OF THE INVENTION] 

It has the stator which wound the stator coil of 
multiple phase around the generally annular 
stator core, and the rotor which arranged 
continuously the permanent magnet for fields of 
a circular arc shape generally circumferentially 
so as to become N pole and the south pole 
alternately to the rotor core which is concentric 
with the inner peripheral face of this stator, and 
was arranged through some gap. 
The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 

In a permanent-magnet-type motor, width of 
the rotor-core portion which exists between the 
periphery face of the above-mentioned 
permanent magnet for fields in one pole and the 
above-mentioned gap is not made uniform. 



[EFFECTS] 

A cogging torque can be reduced and a 
vibration and the noise of a motor can be made 
to reduce. 

Moreover, the driving torque of a motor can be 
effectively obtained to the range of a high 
rotation number. 
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There is an excellent effect of the above. 




1 Stator 

1a Semienclosed-type slots 
1' Stator core 

2 Rotor 

3w Stator coil 
10 Gap 



[CLAIMS] 
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[CLAIM 1] 

A permanent-magnet-type motor, which has the 
stator which wound the stator coil of multiple 
phase around the generally annular stator core, 
and the rotor which arranged continuously the 
permanent magnet for fields of a circular arc 
shape generally circumferentially so as to 
become N pole and the south pole alternately to 
the rotor core which is concentric with the inner 
peripheral face of this stator, and was arranged 
through some gap. 

The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 

In a permanent-magnet-type motor, width of 
the rotor-core part which consists between the 
periphery surface of the above-mentioned 
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permanent magnet for fields in one pole and the 
above-mentioned gap is not made uniform. 



[CLAIM 2] 

A permanent-magnet-type motor of Claim 1, in 
which width of the above-mentioned rotor-core 
portion was formed so that it might not narrow at 
least as it goes toward each direction of a both- 
ends sidefrom a pole central position of the 
permanent magnet for fields for one pole. 



&l^— MfCfnlttS J; 5 KLfc 
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[CLAIM 3] 

A permanent-magnet-type motor of Claim 1, in 
which width of the above-mentioned rotor-core 
portion is formed so that it may not narrow at 
least as it goes toward the other-end side from 
the one end side of the permanent magnet for 
fields for one pole. 

And the portion with the widest width was 
turned in the same direction. 



[CLAIM 4] 

A permanent-magnet-type motor, in which the 
stator which wound the stator coil of multiple 
phase around the generally annular stator core, 
and the rotor which arranged continuously the 
permanent magnet for fields of a circular arc 
shape generally annularly so as to become N 
pole and the south pole alternately to the rotor 
core which is concentric with the inner 
peripheral face of this stator, and was arranged 
through some gap. 

The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 

In a permanent-magnet-type motor, gap 
was formed in the above-mentioned rotor-core 
portionthe radial-direction inner side, or its outer 
side, or its both sides of the above-mentioned 
permanent magnet for fields in a part for one 
pole so that it does not narrow at least as it 
goes in each direction of a both-ends sidefrom 
near the pole central position of the above- 
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mentioned permanent magnet for fields. 



[CLAIM 5] 

A permanent-magnet-type motor of Claim 4, in 
which the above-mentioned gap was formed by 
the inner peripheral face of the above- 
mentioned permanent magnet for fields, and the 
radii face formed by the radii of a curvature 
smaller than the curvature of the radii which 
form this inner peripheral face. Or, it formed by 
the periphery face of the above-mentioned 
permanent magnet for fields, and the radii face 
formed by the radii of a curvature bigger than 
the curvature of the radii which form this 
periphery face. 

[CLAIM 6] 

A permanent-magnet-type motor, which has the 
stator which wound the stator coil of multiple 
phase around the generally annular stator core, 
and the rotor which arranged continuously the 
permanent magnet for fields of a circular arc 
shape generally annularly so as to become N 
pole and the south pole alternately to the rotor 
core which is concentric with the inner 
peripheral face of this stator, and was arranged 
through some gap. 

The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 

In the permanent-magnet-type motor, width of 
the rotor-core portion which exists between the 
periphery face of the permanent magnet for 
fields for one pole and the above-mentioned 
gap was formed so that it might not narrow at 
least as it went to the pole central position from 
the both-ends side. 



[CLAIM 7] 

A permanent-magnet-type motor of Claim 6, in 
which the residual magnetic flux density of the 
above-mentioned permanent magnet for fields 
was set to Br (Tesia). The thickness size of pole 
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bothe end sides of the rotor core which 
separates between the gaps and the above- 
mentioned permanent magnets for the fields 
which exist between the above-mentioned 
stator and the above-mentioned rotor was set to 
t (mm). The thickness size of the radial direction 
of the above-mentioned permanent magnet for 
fields was set to I (mm). 

Thickness size t of the above-mentioned rotor 
core is in the range of 
Br*0.05*IIS_LESS_THAN_OR_EQUAL_TOtlS_ 
LESS THAN OR EQUAL TOBr*0.35*l. 



[DETAILED DESCRIPTION OF INVENTION] 



[00 0 1] 



[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to the permanent- 
magnet-type motor used for a refrigerator, the 
motor for a compressor drive of an air- 
conditioner, etc. 



[00 0 2] 



[0002] 
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[PRIOR ART] 

In recent years, as the motor which makes the 
compressor of a refrigerator or an air- 
conditioner drive, in general, the permanent- 
magnet-type motor easy to control a rotation 
number is utilized in many cases. 

Hereafter, the permanent-magnet-type motor 
which was described above and which is 
utilized in general currently is explained, 
referring to the figure 28 or figure 34. 



[00 0 3] 

m 2 8 1« i 4 i i«R-at#^m 



[0003] 

141 in Figure 28 is a stator which makes a 
generally annular shape. 

12 piece of semienclosed-type slot 141a 
which has open-hole part 141b in an inner- 
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peripheral-face side is formed by the iron-core 
portion of this stator 141 so that regular 
intervals may be existed generally 
circumferentiaily. 

And in these semienclosed-type slots 141a, 
winding accommodation of the 6-piece stator 
coils 143u, 143v, and 143w, and 144u, 144v 
and 144w is carried out as shown in the 
drawing. 

And, these 6 stator coils 143u or 144w 
composes so that the DC excitation electric 
power unit of three phases may be supplied. 

The stator coils 143u and 144u are 
connected to U phase among the DC exciting 
currents of these three phases. The stator coils 
143v and 144v are connected to V phase. It 
connects with W phase so that the stator coils 
143w and 144w may each correspond. 



[0004] 

In the drawing(s), 142 is arranged so that some 
gap 150 may be intervened within the inner 
peripheral face of the above stator 141. 

It is the rotor composed by laminating of a 
thin-plate-shaped silicon steel. 

As shown to Figure 29, a rotation axis 145 is 
inserted to the central position of the iron-core 
portion of a rotor 142. 

And, around a rotation axis 145, a central 
angle is the position which the about permanent 
magnets for fields 146,147,148 and 149 made 
from ferrite which make the circular arc shape 
formed by about 90 degrees cross orthogonally, 
and regular intervals are existed and it is 
arranged circularly. A rotation axis 145 is 
surrounded by the central position by each. 

And, between permanent-magnet 146 or for 
these fields 149, and the iron-core portions of a 
rotor 142, It was prepared so that only minimum 
gap (No drawing) of 0.1 to about 0.5 mm for the 
assembly of a rotor 142 might be made- 
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[0005] 

The permanent magnets for fields 146 and 148 
which oppose mutually among permanent- 
magnet 146 or 149 for fields provided to the 
rotor 142 are polarized by N pole. 

The permanent magnets for fields 147 and 
149 which another side opposes are conversely 
polarized by the south pole. It composes so that 
N pole and a south pole may arrange 
alternately. 



[0006] 

The permanent-magnet-type motor of 
constitution of having mentioned the above is 
composed as follows. A rotor 142 rotate- 
drives by the magnetic suction force and the 
magnetic repulsive force which are generated 
by making an electrical-machinery angle and 
supplying electricity 120 degrees in every two- 
phase prescribed order with respect to each 
phase of U phase corresponded to each stator 
coil 143u or 144W of a stator 141 , V phase, and 
W phase from a not shown motor drive unit. 



[0007] 

Incidentally, in the permanent-magnet-type 
motor of such constitution, a flux distribution of 
the gap 150 which exists between a stator 141 
and the rotor 142 can turn into various 
distributions also by design of a gap size etc. 

However, as usually shown to Figure 30, it 
becomes the shape of an about trapezium wave 
with respect to an electrical angle. 
And, in such a gap magnetic-flux-density 
distribution, many harmonic magnetic-flux- 
density components, such as the third, the fifth, 
the seventh are contained. 

Many energy components come to exist in a 
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gap by these harmonic magnetic-flux-density 
components. 



[0008] 

On the other hand, as for stator coil 143u or 
144w, the DC exciting current is supplied 
electricity by 120 degree as an electrical angle 
of 30 degrees or 150 part for one pole pole. 
The flux of the portion which as an electrical 
angle, is corresponding to 30 degrees or 150 
part for one pole acts as Figure 32 shows. 
A driving torque is generated. 



[0 0 0 9] 

tSIlf/^lt TiB (l) 
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V- R x i + L x d ( i ) 
/ & t + k XNX B (1 ) 

v : mi± 

i : WM 

n : m^<D\n}mm 

T = G x B X I (2) 

I : 



[0009] 

Here, the following FORMULA (2) can express 
the driving torque generated in a part for 1 
phase of a motor from the current determined 
with the equation of the voltage * current of the 
following (1) Formula. 

V=R*i+L*d(i)/dt+k*N*B (1 ) 

V: 

Voltage 
R: 

The resistance of a stator coil 
i: 

Electric current 
L: 

The inductance of a stator coil 
k: 

The constant about the numbers of turns of a 

stator coil etc. 

N: 

The rotation number of a rotor 
B: 

The magnetic flux density of the void which acts 
on a stator coil in the supplying electricity area 

T=G*B*I (2) 

T: 

The driving torque of a motor 
G: 

The constant about the numbers of turns of a 
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stator coil etc. 



Winding-wire electric current 
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[0010] 

From these relation (1) and (2), if the rotation 
number of a rotor 142 becomes bigger, the DC 
exciting current in which stator coil 143u or 
144w is flowed will decrease. 

It will accompany to this and the driving 
torque of a motor will also be become small. 
Then, as conventionally shown to Figure 33, the 
flux of the portion which as the electrical angle 
for one pole, is corresponding to 135 or 15 
degrees brings the supplying electricity start 
time forward so that it may act on stator coil 
143u or 144w. By operating the above, the gap 
magnetic flux density which acts on stator coil 
143u or 144w is decreased. Even when a 
rotation number becomes bigger, the current 
which flows is made not to decrease. A 
necessary driving torque is obtained. 

The method of making it drive by the big 
rotation number is adopted. It opposed. 



[0 0 1 1 ] 
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i&Wti*f#&:l,£5 k-tZWk [PROBLEM ADDRESSED] 

The problem described below is raised in the 

±SEbfc<k o t&&WL<r>ifc%<01*. traditional permanent-magnet-type motor of 

M^-^l^^-Cli Kl constitution as described above. 

[0012] [0012] 

*1\ -hsfi L-fc X o fe?g.W,MM First . even in the energy component which 

WfM^faoTlif occurs b y tne 9 a P harmonic magnetic-flux- 

%rc^/i<3?— rfc-ftco 9 ~hX'h density component mentioned the above, 

irmi 27k ^2 47X is Particularly as for a gap energy component, 
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such as 12th, the 24th, the 36th, open-hole part 
141b of 12-piece semienclosed-type slot 141a 
exists in the iron-core portion of a stator 141, 
open-hole parts 141b of 12 semienclosed-type 
slots 141a exist in the iron-core portion of a 
stator 141. Therefore, by interaction with the 
harmonic component of a gap magnetic flux 
density, the so-called cogging torque will be 
generated as Figure 31 shows in the example of 
measurement. 

Furthermore, a magnetic-pole boundary 
neighbouring flux passes along the inside of the 
iron-core portion of a rotor 142, and short- 
circuits the magnetic-flux-density distribution in 
the gap 150 which exists between a stator 141 
and the rotor 142, to each antipole of 
permanent-magnet 146 or 149 for fields. 

Therefore its distribution becomes that which 
approached the sine-wave shape a little from a 
square-wave shape, and will generate a 
cogging torque. 

This cogging torque is superposed on the 
driving torque of a motor. 

However, it does not act as an effective 
driving torque. It is the unnecessary torque of 
giving a vibration to a rotor 142. 
Therefore, this cogging torque is transmitted to 
the apparatus which the frame and the motor of 
a motor make drive. 

The noise accompanied and generated in 
occurrence, this vibration, etc. of a vibration is 
emitted. There was a problem of the above. 



[0 0 13] [0013] 

Sfc, iifrf S'B^tcLT 1 moreover, the portion of 120 degrees as the 
2 0 fM ^^Kl 3 2 {Ctj^LT Metrical angle to supply electricity is changed 

^^i^^^ 3 OF^JbSil from the P ortion of the °blique line which is 

^ corresponding to 30 degrees-150 degrees as 

an electrical anglecurrently shown to Figure 32 
to the portion of the oblique line which is 
f^LT l 5 &7!/35 1 3 Sltf^ffl corresponding to 15 degrees -135 degrees as 

Lfc t an electrical angle currently shown to Figure 33. 
LTt, HSE^f-^-f/H 4 3 u the variation of a gap magnetic flux density 
7^3? i 4 4 wl"f^it5SI®® which acts on stator coil 143u or 144w is not 
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M$6£<0&fcltt%^-b<D-e\-£ big. 

HI 3 4{c^$tLTV^-5 <£ As shown in Figure 34, even when it 

0 K M^<DM^Wt Itl&LT corn P ares witn a usual rotation number, a little 

*>iV»|R]±tf5#fe*i,5*?ttT- improvement was only obtained. 

[0014] [0014] 
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[SOLUTION OF THE INVENTION] 

This invention was made in order to solve the 
technical subject which was described above. 
It has the stator which wound the stator coil of 
multiple phase around the generally annular 
stator core, and the rotor which arranged 
continuously the permanent magnet for fields of 
a circular arc shape generally circumferentially 
so as to become N pole and the south pole 
alternately to the rotor core which is concentric 
with the inner peripheral face of this stator, and 
was arranged through some gap. 
The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 

In a permanent-magnet-type motor, width of 
the rotor-core portion which exists between the 
periphery face of the above-mentioned 
permanent magnet for fields in a part for one 
pole and the above-mentioned gap is not made 
uniform. 

The permanent-magnet-type motor 
characterized by the above-mentioned is 
provided. 



[0015] 

oSfcifBWJEKv^^S:!^— Ufa 



[0015] 

moreover, width of the above-mentioned rotor- 
core portion is formed so that it does not narrow 
at least as it goes towards each direction of a 
both-ends side from the pole central position of 
the permanent magnet for fields for one pole. 

Or it forms so that it may not narrow at least 
as it goes to another-end side from the one end 
side of the permanent magnet for fields for one 
pole. And the portion with the widest width was 
turned in the same direction. 

The permanent-magnet-type motor 
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characterized by the above-mentioned is 
provided. 



[0016] 

Furthermore, it has the stator which wound the 
stator coil of multiple phase around the 
generally annular stator core, and the rotor 
which arranged continuously the permanent 
magnet for fields of a circular arc shape 
generally annularly so as to become N pole and 
the south pole alternately to the rotor core which 
is concentric with the inner peripheral face of 
this stator, and was arranged through some 

gap- 

The above-mentioned rotor is made to rotate- 
drive by making the above-mentioned stator coil 
supply electricity in order. 
In a permanent-magnet-type motor into the 
above-mentioned rotor-core portion inside side, 
or its outer side or its both sides of radial- 
direction of the above-mentioned permanent 
magnet for fields for one pole, Gap is formed 
so that it may not narrow at least as it goes 
toward each direction of a both-ends side from 
near the pole center position of the above- 
mentioned permanent magnet for fields. 

Particularly this gap was formed by the inner 
peripheral face of the above-mentioned 
permanent magnet for fields, and the radii face 
formed by the radii of a curvature smaller than 
the curvature of the radii which form this inner 
peripheral face. Or, the periphery eye of the 
above-mentioned permanent magnet for fields 
and the radii face formed by the radii of a 
curvature bigger than the curvature of the radii 
which form this periphery face formed. 

The permanent-magnet-type motor 
characterized by the above-mentioned is 
provided. 

[0017] 

Moreover, it has the stator which wound the 
stator coil of multiple phase around the 
generally annular stator core, and the rotor 
which positioned continuously the permanent 
magnet for fields of a circular arc shape 



02/11/18 



14/59 



(C) DERWENT 



JP5-304737-A 



5> co#w ^ w 60 ^ m m t 

(tesla) . fjfEH^T-^fitjfSlHlSg 

mwmm * t <o m & m x 
t (mm), m^mmK^ 

B r X 0 . OSXl^t^Br 
XO. 3 5X1 



THOMSON 

OEKtWEIMT 

generally annularly so as to become N pole and 
the south pole alternately in the rotor core which 
is concentric with the inner peripheral face of 
this stator, and was arranged through some 
gap. 

The above-mentioned rotor is made to rotate- 
drive by making it supply electricity in the order 
of the above-mentioned stator coil. 
In a permanent-magnet-type motor, the width of 
the rotor-core portion which exists between the 
periphery face of the permanent magnet for 
fields for one pole, and the above-mentioned 
gap is formed so that it does not narrow at least 
as it goes to a pole central position from both- 
ends side. 

And, the residual magnetic flux density of the 
above-mentioned permanent magnet for fields 
was set to Br (tesla). The thickness size by the 
pole both end sides of the rotor core which 
separates between the gaps and the above- 
mentioned permanent magnets for the fields 
which exist between the above-mentioned 
stator and the above-mentioned rotor was set to 
t (mm). The thickness size of the direction of 
light of the above-mentioned permanent 
magnet for fields was set to I (mm). 
The thickness size t of the above-mentioned 
rotor core is in the range of 
Br*0.05*l IS_LESS_JHANJ3R_EQUAL_TO t 
IS_LESS„THAN_OR_EQUAL_TO Br*0.35*l. 

The permanent-magnet-type motor 
characterized by the above-mentioned is 
provided. 



[0018] 



[0018] 



mm 



[EFFECT] 

By the permanent-magnet-type motor of this 
invention, the rotor core which exists between 
the permanent magnet for fields of a circular arc 
shape and a gap is formed so that it may widen 
gradually after that by the same width to the 
middle as it goes to both ends from the central 
position of the permanent magnet for fields for 
one pole. Or from a central position, it forms so 
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that width may become wide gradually. In the 
internal-circumference side or periphery side of 
the permanent magnet for fields of a circular arc 
shape, the gap is formed so that it does not 
narrow at least from near the pole central 
position of the permanent magnet for fields for 
one pole towards each direction of a both-ends 
side. 

Thereby, a bottom thing can be obtained the 
harmonic magnetic-flux-density component of a 
gap flux distribution in a gap few. 

Therefore an unnecessary cogging torque 
can be made to reduce as much as possible. 
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[0019] 

Furthermore, it composes so that the gap 
magnetic flux density in a gap is fixed to the 
middle, and then is made to reduce gradually as 
it goes to the gap by the side of another end 
from the gap by the side of one end of the 
permanent magnet for fields of a circular arc 
shape. 

Or, it composes so that it may be made to 
reduce gradually as it goes to another-end side 
from the one end side. 

Therefore the amount of the gap magnetic 
flux density which a stator coil makes act in the 
range of the supplying electricity area can be 
varied greatly. 



[0 0 2 0] 



[0020] 

Moreover, width of the rotor core which exists 
between the permanent magnet's for fields of a 
circular arc shape and a gap is formed so that it 
may not narrow at least in proportion as it goes 
to a pole central position from a both-ends side. 
The gap flux distribution for 120 degree 
(electrical angle) in the gap for one pole can be 
made generally regular. 

Therefore a torque ripple can be made to 
reduce as much as possible. 
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[Example] 

Hereaftre, as the first Example of this invention, 
the case where it uses on the permanent- 
magnet-type motor of four three-phase poles is 
explained, referring to the figure 1 or figure 4. 



[0022] 

First, 1 in Figure 1 is a stator annular and disc- 
shaped. 

This stator 1 is composed by stator-core 1\ 
the stator coils 3u, 3v 5 and 3w, and 4u, 4v and 
4w. 

Stator-core 1* constitutes the shape of an 
about annular ring. Semienclosed-type slot 1a 
which has open-hole part 1b in an inner- 
peripheral-face side is circumferentially formed 
by stator-core 1' so that the 12 piece regular 
intervals may be existed, for example. 

And, 6 sets of stator coil 3u or 4w is wound 
around prescribed semienclosed-type slot 1a, 
and an accommodation arrangement is carried 
out at this semienclosed-type slot 1a as 
illustrated. It has the structure of the above. 

The stator 1 is composed by these stator-core 
V and stator coil 3u or 4w. 

The DC exciting current of three phases is 
supplied to stator coil 3u or 4w from the direct 
current power source 11 mentioned later. It 
composes as mentioned above. Among the DC 
exciting current of these three phases, it 
connects with U phase so that the stator coils 
3u and 4u may correspond. It connects with V 
phase so that the stator coils 3v and 4v may 
correspond. It connects with W phase so that 
stator coil 3w or 4w may each correspond. 
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[0023] 

Moreover, the rotor 2 is arranged by the 
concentric-circle internal-circumference part of 
a stator 1 so that some gap 10 may be uniformly 
existed between the inner peripheral faces of a 
stator 1 . 

This rotor 2 is composed by rotor-core 2\ the 
rotation axis 5, and permanent-magnet 6,s for 
fields 7, 8, and 9. 

Rotor-core 2* laminates many thin-plate- 
shaped silicon steels, for example. 

As mentioned above, some gap 10 is 
arranged between the inner peripheral faces of 
a stator 1 , as it exists uniformly. 

And, the rotation axis 5 is inserted by the 
central position so that this rotor-core 2' may be 
shown also in Figure 2. 

In the position which went into the radial- 
direction inner side a little from the periphery 
face of rotor-core 2', for example, 4 
permanent-magnets 6 or 9 for fields made from 
ferrite which make the circular arc shape by 
which the central angle was formed at about 90 
are fixed and arranged generally 
circumferentially so that regular intervals may 
be existed. 

Among these permanent-magnet 6 or for fields 
9, the permanent magnets for fields 6 and 8 
which oppose mutually are polarized by N pole, 
for example. The permanent magnets for fields 
7 and 9 which another side opposes are 
conversely polarized by the south pole. 

it composes so that N pole and a south pole 
may arrange alternately. 

The thickness of the rotor-core 2'portion 
which exists between these permanent-magnet 
6 or 9 for fields, and the gap 10 positioned in its 
periphery side is composed so that at least 
thickness does not narrow toward each 
direction of a both-ends side from each central 
position of permanent-magnet 6 or 9 for fields. 
(I.e., it composes from the rotor-core 2'portion 
corresponded to the central position of the 
permanent magnet for fields for one pole toward 
each direction of the both-ends side of the 
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permanent magnet for fields, so that thickness 
may be increased gradually. Or it is the same 
thickness to the middle, and then, thickness is 
increased gradually. It composes as mentioned 
above). 



[0024] 

Next, the electric constitution of the inverter 
electric power unit generally utilized widely as 
an object for a drive of the permanent-magnet- 
type motor in this Example is explained, 
referring to Figure 3. 

11 is a direct current power source. 

The switching main circuit 12 is connected to 
this direct current power source 11 . 
This switching main circuit 12 has 6 pairs of 
transistors 13, and the recirculation diode 14. 

It forms to carry out the three-phases bridge 
connection of these 6 pairs of transistors 13, 
and the recirculation diode 14. 

The common node of the transistor 13 which 
each of the arm parts 12u, 12v, and 12w of 
three phases has is connected to the output line 
each corresponded to U phase, V phase, and W 
phase. 

The output line corresponded to U phase, V 
phase, and W phase is connected to each 
terminal which carried out the Y-shaped 
connection of the stator coils 3u and 4u, the 
stator coils 3v and 4v, and the stator coils 3w 
and 4w. 

15 is a control circuit which gives a control 
signal to the transistor 13 currently arranged by 
the switching main circuit 12. 

It shifted a phase every 120 degrees as an 
electrical angle to the stator coil for a adjacent 
two phase of the stator coils 3u and 4u, the 
stator coils 3v and 4v, and the stator coils 3w 
and 4w. It composes so that it may supply 
electricity. 
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Moreover, this control circuit 15 is connected 
also to each output line corresponded to U 
phase, V phase, and W phase. 

The voltage induced by stator coil 3u or4w by 
rotation of a rotor 2 is detected. A motor drive 
signal is obtained depending on the rotation 
position of a rotor 2. 

Figure 4 showed the sequence of the 
supplying electricity with respect to each phase. 
The DC exciting current of every 120 degrees 
as an electrical angle is supplied electricity in 
order by each phase. 



[0025] 

Hereafter, the action and an action of this 
Example are explained. 

First, a control signal is supplied to six 
transistors 13 provided to the switching main 
circuit 12 by the control circuit 15. 

If a control signal is supplied to a transistor 
13, the stator coils 3u and 4u and the stator 
coils 3v and 4v of the adjacent two phase of the 
stator coil 3u or 4w will supply electricity. Like 
the stator coils 3v and 4v and the stator coils 3w 
and 4w, the stator coils 3w and 4w and stator 

coil 3u, and 4u , it supplies electricity 120 

degrees as an electrical angle in order. 
Thus if stator coil 3u or 4w supplies electricity 
120 degrees in order, the rotating magnetic field 
by the stator 1 will occur. 

A rotor 2 starts rotate-driving by the magnetic 
suction force and the repulsive force. 
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[0026] 

In the permanent-magnet-type motor of such 
constitution, it positions in the periphery side of 
permanent-magnet 6 or 9 for fields in a rotor 2. 

Thickness of the rotor-core 2'portion pinched 
by the gap 1 0 is formed so that it becomes wide 
gradually as it reaches both ends from a pole 
central position in the permanent magnet for 
fields for one pole. 

Therefore, if the both ends of a pole are very 
approximated compared with a central position, 
the flux which arrives at a gap 10 among the 
fluxes which come out of permanent-magnet 6 
or 9 for fields will reduce. 
In other words, a flux is reduced as it reaches 
both ends from a pole center position. 
The harmonic magnetic-flux-density component 
in a gap magnetic-flux-density distribution 
decreases. 

It is distributed over the waveform very close 
to the shape of a sine wave which is shown to 
Figure 5. 
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[0027] 

Therefore, in the case of this Example, it 
composes so that a distribution of a gap 
magnetic flux density may approximate to the 
shape of a sine wave, as the harmonic 
magnetic-flux-density component of a gap 
magnetic flux density is made to reduce as 
much as possible. 

Therefore a cogging torque can be reduced 
now as shown as an example of measurement 
to Figure 6. 

Therefore if it supplies electricity with a not 
shown drive unit, it can carry out smooth rotate- 
driving. 
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[0028] 

Next, a 2nd Example is explained, referring to a 
Figure 7. 
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The Figure 7 showed the rotor in a 2nd 
Example. 

Since the constitution of those other than rotor 
22, in other words a stator and electric 
constitution is the same as that of a first 
Example, illustration is omitted. 

It explains into an explanatory note using the 
same code. 

In addition, the third or 5th Example is 
explained similarly below. 

[0029] 

Like the first Example, in some gap 10, as this 
rotor 22 exists uniformly, it is arranged by the 
concentric-circle internal-circumference part of 
a stator 1 . 

This rotor 22 is composed by rotor-core 22', 
the rotation axis 5, and the permanent magnets 
for fields 26, 27, 28, and 29. 

Therefore, rotor-core 22* was formed by 
lamination of a thin-plate-shaped silicon steel, 
for example. 

A rotation axis 5 is inserted to a central 
position. 

In the position which went into the radial- 
direction inner side a little from the periphery 
face of rotor-core 22', for example, 4 
permanent-magnets 26 or 29 for fields 29 made 
from ferrite which makes the circular arc shape 
by which the central angle was formed by about 
90 abbreviation, are fixed and arranged 
generally circumferentially at equal intervals. 

Among these permanent-magnet 26 or 29 for 
fields, the permanent magnets for fields 26 and 
28 which oppose mutually are polarized by N 
pole, for example. The permanent magnets for 
fields 27 and 29 which another side opposes 
are conversely polarized by the south pole. It 
composes so that N pole and a south pole may 
arrange alternately. 



[0030] 

Thickness of the rotor-core 22" portion which 
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exists among these field permanent-magnet 26 
or 29 and gaps 10, the pole center position of 
the permanent magnet for fields for one pole is 
the thinnest. Thickness is gradually increased 
as it goes to both ends. It composes as 
mentioned above. 

Moreover, near the periphery face of rotor- 
core 22\ and in the rotor-core 22'portion 
positioned between the permanent magnets for 
fields of adjacent two (for example, permanent 
magnets for fields 26 and 27)among 
permanent-magnet 26 or 29 for above fields, 
the space partial a is each formed. 

Each crosses orthogonally. 
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cfc 5 . WffiFB&iKMft f' uxes wh 'ch arrives at a gap 10 can be reduced 

2 9 ^ 1 0 from P ermanent " ma 9 net 26 or 29 for fields. 
/r*#^/^F&^ - Furthermore by adjusting the size of space 
^2 * J p r J ^ Partial a etc., the amount of fluxes which make 
. K^fi^rB!p|55j a <D a gap 10 reach can also be adjusted. 



[0 0 3 2] 

El 8 Tbmm 1 0 £#{(8 L&tfS e> 

tfc5 0 @i|tef 3 2 14, mS^C 

3 2 ' O^^tttl^SJifc 
RMHifctKM^ 3 6 3 9(1 
4U&^3 6 9(4. ^Mlfij 



[0032] 

Hereafter, the third or 5th Example is explained, 
referring to the figure 8 or figure 10. 

Figure 8 showed the rotor corresponding to a 
third embodiment. 

The rotor 32 is composed by rotor-core 32' 
which laminates many thin-plate-shaped silicon 
steels, the rotation axis 5 fitted by the central 
position of rotor-core 32\ and permanent- 
magnet 36 or 39 for fields made from ferrite. 

Permanent-magnet 36 or 39 for fields has the 
form of the shape of a semicylinder with the 
circular arc shape whose periphery sides are 90 
central-angle abbreviation. 

And, the central position of the permanent 
magnet for fields for one pole is the thinnest, 
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and thickness of the rotor-core 32'portion which 
exists between the periphery faces and the 
gaps 10 which carried out this circular arc 
shape is formed. Thickness is gradually 
increased as it goes to both ends. 
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[0033] 

Moreover, Figure 9 showed the rotor 
corresponding to a fourth Example. 

The rotor 42 is composed by rotor-core 42' 
which laminates many thin-plate-shaped silicon 
steels, the rotation axis 5 fitted by the central 
position of rotor-core 42', and permanent- 
magnet 46 or 49 for fields made from ferrite. 

Permanent-magnet 46 or 49 for fields is a 
shape which makes the circular arc shape 
whose central angles are about 90. 

The thickness in the central position of the 
permanent magnet for fields for one pole is the 
thickest. The shape by which a periphery face 
side approximates an inner-peripheral-face side 
toward both ends forms. In other words, from 
the central position, it forms so that it may 
become thin gradually toward both ends. 

The shape of permanent-magnet 46 or 49 for 
fields is thus made. Thickness of the rotor-core 
42'portion which exists between the periphery 
face of permanent-magnet 46 or 49 for fields, 
and the gap 10 thickens gradually toward both 
ends from the pole center position of the 
permanent magnet for fields for one pole. 
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[0034] 

Furthermore, Figure 10 showed 
corresponding to a 5th Example. 



the rotor 
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The rotor 52 is composed by rotor-core 52' 
which laminates many thin-plate-shaped silicon 
steels, the rotation axis 5 fitted by the central 
position of rotor-core 52\ and permanent- 
magnet 56 or 59 for fields made from ferrite. 

The rotor core in an above first or fourth 
Example had constituted the annular and disc- 
shaped form. 

However, the form of rotor-core 52' in this 
Example has constituted the form piled so that a 
two ellipse might be made to cross orthogonally 
as illustrated. 



[0035] 

Permanent-magnet 56 or 59 for fields is a 
shape which makes the circular arc shape 
whose central angles are about 90. 

The thickness in the central position of the 
permanent magnet for fields for one pole is the 
thickest. The periphery face is formed by the 
shape which approximates toward both ends. In 
other words, from the pole center position, it 
forms so that it may become thin gradually 
toward both ends. 

And, thickness of the rotor-core 52'portion 
which exists between the periphery face of 
permanent-magnet 56 or 59 for fields, and the 
gap 10 thickens gradually toward both ends 
from the central position of the permanent 
magnet for fields for one pole. 

If it is the rotor of the third or 5th Example 
above-mentioned, there can be an effect similar 
to a first and second Example. 



[0036] 

In addition, even if the shape of the permanent 
magnet for fields in a 5th Example is a shape 
currently explained in another Example, it can 
have a similar effect. 
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[0037] 

Next, it explains, referring to the figure 11 or 
figure 20 about the Example of the 6th or 1 1 . 

In addition, what is illustrated also in the 
following Examples is only a rotor. 
Since other constitution is the same as that of 
an above Example, illustration is omitted. 

It explains into an explanatory note using the 
same code. 
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[0038] 

First, it explains, referring to Figure 11 as a 6th 
Example. 

Figure 11 is a rotor corresponding to a 6th 
Example. 

Rotor-core 62* which laminates many thin- 
plate-shaped silicon steels, for example, is 
arranged by the concentric-circle internal- 
circumference part of a stator 1 like the above 
Example so that some gap 10 is uniformly 
existed between the internal-circumference 
parts of a stator 1. 

The rotation axis 5 is fitted by the central 
position at this rotor-core 62'. 

In the position which went into the radial- 
direction inner side a little from the periphery 
face of rotor-core 62', For example, 4 
permanent-magnets 66 or 69 for fields made 
from ferrite which makes the circular arc shape 
by which the central angle was formed by 90 
abbreviation are fixed and arranged generally 
circumferentially so that it may exist at equal 
intervals. 

The permanent magnets for fields 66 and 68 
which oppose mutually among these 
permanent-magnet 66 or 69 for fields are 
polarized by N pole, for example. The 
permanent magnets for fields 67 and 69 which 
another side opposes are conversely polarized 
by the south pole. It composes so that N pole 
and a south pole may arrange alternately. 
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[0039] 

Thickness of the rotor-core 62' portion which 
exists between these permanent-magnet 66 or 
69 for fields, and the gap 10 positioned in its 
periphery side is formed so that thickness is 
continuously increased gradually toward 
another-end side from the one end side of the 
permanent magnet for fields for one pole. And 
the portion which is most thick in a rotor-core 
62'portion turns to the same direction. 
Therefore, permanent-magnet 66 or 69 for 
fields is being fixed to the position distorted a 
little. 

Thickness of the rotor-core 62'portion 
positioned in the periphery side by the side of 
one end of the permanent magnet for fields for 
one pole, and thickness of the rotor-core 
62'portion positioned in the periphery side by 
the side of another end, have the biggest 
difference in thickness. 

Thus, the rotor 62 is composed by rotor-core 
62' formed by lamination of a silicon steel, the 
rotation axis 5 fitted by the central position of 
rotor-core 62', and permanent-magnet 66 or 69 
for fields. 
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[0040] 

In the permanent-magnet-type motor which has 
the rotor 62 of such constitution, the flux 
distribution in the gap 10 which exists between 
a stator 1 and the rotor 62 becomes the 
waveform of an about triangle, as shown to 
Figure 17. 

In other words, as for the gap flux distribution 
in the gap 10 corresponded to the supplying 
electricity area to stator coil 3u or 4w, the gap 
magnetic flux density increases in the one end 
side with the thin rotor-core 62'portion in the 
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permanent magnet for fields for one pole. A gap 
magnetic flux density decreases in the other- 
end side with a thick rotor-core 62 , portion. 
Therefore, the maximum value of a gap 
magnetic flux density is not the center partial 
neighborhood of the permanent magnet for 
fields for one pole. 

It becomes the one end part with a thin rotor- 
core 62'portion. 
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[0041] 

On the other hand, stator coil 3u or 4w is 
supplied electricity by 120 degree by which the 
DC exciting current is corresponding to 30 
degrees or 150 part as an electrical angle for 
one pole. The flux of the portion which is 
corresponding to 30 degrees or 150 degrees as 
an electrical angle acts as shown in Figure 18. 

The driving torque of a motor is generated. 

However, here as carried out conventionally, 
as shown in Figure 19, operation which brings 
the supplying electricity start time forward is 
performed so that it may supply electricity into 
the portion which makes to an electrical angle 
by the permanent magnet for fields for one pole, 
and is corresponding to 15 degrees or 135 
degrees. The gap magnetic flux density which 
acts on stator coil 3u or 4w is changed greatly. 
As shown to Figure 20, the driving torque of a 
motor can be obtained to a high rotation 
number. 
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[0042] 

It explains, referring to Figure 12 as a seventh 
Example. 

Figure 12 showed the rotor corresponding to 
a seventh Example. 

Rotor 72 is composed of rotor-core 72' 
which laminates many thin-plate-shaped silicon 
steels, the rotation axis 5 currently fitted by the 
mid gear of this rotor-core 72', and for 
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example, four permanent magnets for fields 76, 
77, 78, and 79 made from ferritewhich is 
provides in the position which went into the 
radial-direction inner side a little from the 
periphery face of rotor-core 72', makes the 
about circular arc shape which the central angle 
formed at about 90. 

These permanent-magnets 76 or 79 for these 
fields, are fixed and arrangeed generally 
circumferentially so that it may exist at equal 
intervals. 

The permanent magnets for fields 76 and 78 
which oppose mutually are polarized by N pole. 
The permanent magnets for fields 77 and 79 
which another side opposes are conversely 
polarized by the south pole. It composes so that 
N pole and a south pole may arrange 
alternately. 



[0043] 

These permanent-magnet 76 or 79 for fields 
has the shape which shaved off gradually the 
permanent magnet formed in almost fixed 
thickness in the circular arc shape whose 
central angles are about 90 from almost central 
position on the side of its periphery up to almost 
central position in the radial direction of the end 
face on the side of one end. 

In other words, the thickness of rotor-core 72* 
by the side of the periphery of permanent- 
magnet 76 or 79 for fields positioned in the 
periphery side by the side of one end from a mid 
gear increases thickness gradually toward a tip 
almost. Thus it forms. 

At this time, permanent-magnet 76 or 79 for 
fields is arranged so that the one end side 
which became the thinnest may turn to the 
same direction as illustrated. 
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[0044] 

Thus by forming so that thickness of 
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permanent-magnet 76 or 79 for fields may be 
varied, the driving torque of a motor can be 
obtained now to a high rotation number like the 
above 6th Example. 
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[0045] 

It explains, referring to Figure 13 as an eighth 
Example. 

Figure 13 showed the rotor corresponding to 
an eighth Example. 

The shape of permanent-magnet 86 or 89 for 
fields, has the shape which shaved off gradually 
the portion from one end side to almost central 
position in the radial direction of the end face by 
the side of other end in the internal- 
circumference side of the permanent magnet 
formed by fixed thickness by the circular arc 
shape whose central angles are about 90. In 
other words, the shape made thin if it goes to 
another-end side from the one end side, is 
accomplished. 

It is illustrating. The end face by the side of 
the other end which permanent-magnet 86 or 
89 for fields became the thinnest turns to the 
same direction. 

And, it exists at equal intervals in this 
permanent-magnet 86 or 89 for fields. 

And it is arranging so that thickness of the 
rotor-core 82'portion which exists between a 
periphery face and the gap 10 may be made 
uniform. 
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[0046] 

If the shape of permanent-magnet 86 or 89 for 
fields is made into such a form, in a gap 10, the 
flux which acts on stator coil 3u or 4w will 
decrease by the one end side with thick 
thickness. 

It increases in the other-end side with the 
thinnest thickness. 

Therefore there can be an effect similar to an 
above 6th or seventh Example. 
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[0047] 

Next, it explains, referring to the rotor shown to 
Figure 14 as a 9th Example. 
As a characteristic of this Example, it differs 
from an above 6th or eighth Example. 

It is the point which is the constitution which 
carries out the fix-arrangement of permanent- 
magnet 96 or 99 for fields around rotor-core 
92' as illustrated. 

As for the shape of permanent-magnet 96 or 99 
for fields, a central angle forms the permanent 
magnet of the circular arc shape with thickness 
fixed at 90 degrees. 

It is the shape which shaved off the periphery 
face gradually, from the one end side toward the 
central position of the radial direction of the end 
face by the side of another end. In other words, 
it is the shape gradually made thin toward the 
other-end side from the one end side. 

And, permanent-magnet 96 or 99 for fields 
thus formed, makes the end face by the side of 
the other end which became the thinnest turned 
in the same direction, and is fixed to the 
periphery surface of rotor-core 92' by bonding 
that gap may not be made. The rotor 92 was 
composed. 
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[0048] 

Even when it is such a rotor 92, the amount of 
the flux which acts on stator coil 3u or 4w can 
be made different between the one end and 
other-end side like an above 6th or eighth 
Example. 

Therefore there can be a similar effect. 

However, in this Example, it is considering as 
the constitution which forms permanent-magnet 
96 or 99 for fields to 90 central angles, and 
carries out a fixed - arrangement without gap. 

However, even when it arranges at equal 
intervals through the gap between some, there 
is a similar effect. 
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[0049] 

Hereafter, a 10th and 11th Example is 
explained, referring to Figure 15 and 16. 
First, as a 10th Example, as shown to Figure 
15, the permanent magnet for fields for one pole 
is formed by polarizing most where an upper 
cross section makes a generally trapezoid 
shape, for example, to the N pole. 
By polarizing the small portion into which a 
downward cross section makes a generally 
triangle, to a south pole, it forms. An action 
which negates a flux by N pole and the south 
pole in these portions is made to bring about. 

It is the constitution of attaching the rhythm of 
a flux. 



[0050] 

Moreover, as a 11th Example, as shown to 
Figure 16, height of the permanent magnet for 
fields for one pole is varied by the one end and 
other-end side. 

As shown in figure, Height (alpha) by the 
side of one end is formed lower than the height 
(beta) by the side of another end. It thus formed 
so that rhythm might be attached to the flux 
which acts on stator coil 3u or 4w. 
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[0051] 

The permanent magnet for fields formed like 
these 10th and 11th Examples, makes the side 
with weak flux, or flux strong side turn in the 
same direction, and is fixed and arranged in a 
rotor core. There can be an effect similar to the 
above 6th or 9th Example. 
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THOIVIS»OISI 

Next, it explains, referring to the figure 21 or 
figure 23 about a 12th and 13th Example. 

In addition, what is illustrated also in the 
following Examples is only a rotor. 
Since other constitution is the same as that of 
an above Example, illustration is omitted. 

The same code is attached and explained 
into an explanatory note. 
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[0053] 

First, it explains, referring to Figure 21 as a 12th 
Example. 

Figure 21 is a rotor corresponding to a 12th 
Example. 

Like the above Example, rotor-core 102" 
which laminates many thin-plate-shaped silicon 
steels, for example, is arranged in the 
concentric-circle internal-circumference part of 
a stator 1 between the internal-circumference 
parts of a stator 1 at some gap 10 uniformly. 

The rotation axis 5 is fitted by the central 
position at this rotor-core 102\ 
In the position which went into the radial- 
direction inner side a little from the periphery 
face of rotor-core 102', its hole 103 to arrange 
for example, 4 permanent-magnets 106 or 109 
for fields made from ferrite which makes the 
circular arc shape by which the central angle 
was formed at about 90, generally 
circumferentially at equal intervals, is formed. 

Permanent-magnet 106 or 109 for fields is 
included in this hole 103. 

And, the permanent magnets for fields 106 and 

108 which oppose mutually among these 
permanent-magnet 106 or 109 for fields are 
polarized by N pole, for example. 

The permanent magnets for fields 107 and 

109 which another side opposes are conversely 
polarized by the south pole. It composes so that 
N pole and a south pole may arrange 
alternately. 
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[0054] 

As for an above Example, the thickness of the 
rotor-core 102'portion which exists between 
permanent-magnet 106 or 109 or these fields 
and the gap 10 positioned in its periphery side 
differs. 

Every portion is formed generally uniformly. 

However, in this Example, gap 100 is formed 
inside the radial direction of permanent-magnet 
106 or 109 for fields. 

This gap 100 is formed by the hole 103 for 
including permanent-magnet 106 or 109 for 
fields, and permanent-magnet 106 or 109 for 
fields. 

This is because it has the characteristic in the 
shape of a hole 103. 

Description of the shape of this hole 103 
forms the radial-direction outer side of a hole 
103 with the radii which have a curvature of the 
same as the radii which form the periphery face 
of permanent-magnet 106 or 109 for fields. 

However, the radial-direction inner side is 
formed with the radii with a curvature smaller 
than the radii which form the inner peripheral 
face of permanent-magnet 106 or 109 for fields. 

Therefore, a hole 103 contacts to the 
periphery face of permanent-magnet 106 or 109 
for fields. 

However, in an inner peripheral face, it only 
contacts only near the pole center position. 

In the other portion, since it has not contactd, 
gap 100 is formed by its portion. 
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[0055] 

Thus it composes so that the width of at least 
gap may not narrow toward both ends from a 
pole center position inside the radial direction of 
permanent-magnet 106 or 109 for fields 109. 
The magnetic-flux-density distribution in a gap 
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OERWEMT 

1 0 can be brought close to a sine-wave shape. 

Moreover, if the ratio with respect to the 
fundamental component with the harmonic gap 
magnetic flux density of a PRIOR ART and this 
Example is compared, harmonic content of this 
Example can be made to reduce, as shown to 
Figure 23. 

Therefore occurrence of a cogging torque can 
be made to reduce as much as possible. 



[0056] 

Moreover, Figure 22 showed the rotor 
corresponding to a 13th Example. 
Rotor 112 is composed of 

a rotor-core 112' which carries out the 
multiple-sheets laminate of the thin-plate- 
shaped silicon steel, the rotation axis 5 fitted by 
the central position of rotor-core 112', the four 
hole 113 provided to rotor-core 112', and 
permanent-magnet 116 or 119 for fields 119 
made from ferrite included by this hole 113. 



[0057] 

The point different from the Example of the 
above first 2 is the shape of a hole 113. 

The radial-direction inner side of this hole 113 
is formed with the radii which have a curvature 
of the same as the radii which form the inner 
peripheral face of permanent-magnet 116 or 
119 for fields. 

However, the radial-direction outer side is 
formed with radii bigger than the curvature of 
the radii which form the periphery face of 
permanent-magnet 116 or 11 9 for fields. 

Therefore, the inner peripheral face of 
permanent-magnet 116 or 119 for fields is 
contacted by the hole 113. 

However in a periphery face, it only contacts 
only near the pole center position. 
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Gap 110 is formed in the portion which 
another portion does not contact. 

Distance of the periphery face of permanent- 
magnet 116 or 119 for fields at this time and the 
periphery face of rotor-core 112' is formed 
uniformly about in every portion. 
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[0058] 

Thus, even if it forms gap 110 to the periphery 
side of permanent-magnet 116 or 119 for fields, 
the effect similar to the Example of the above 
first 2 can be obtained. 

Furthermore, a similar effect can be obtained 
even if it forms gap to the both sides by the side 
of the internal circumference of the permanent 
magnet for fields, and a periphery. 
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[0059] 

Furthermore, in the 12th and 13th Example of 
the above, gap is formed by the permanent 
magnet for fields, and the hole. 

However, gap is provided to the portion 
different from the hole which includes the 
permanent magnet for fields. Various changes 
can be performed if it is within the range of 
[ which does not deviate from the essential point 
of this invention ]. 
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[0060] 

Next, the Example of the 14th or 15 is 
explained, referring to the figure 24 or figure 27. 

In addition, what is illustrated also in the 
following Examples is only a rotor. 
Since other constitution is the same as that of 
an above Example, illustration is omitted. 

The same code is attached and explained 
into an explanatory note. 



[0061] 

First, it explains as a 14th Example, referring to 
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the rotor 122 shown to Figure 24. 

Rotor-core 122' which laminates many thin- 
plate-shaped silicon steels, for example, is 
arranged by the concentric-circle internal- 
circumference part of a stator 1 between the 
internal-circumference parts of a stator 1 like 
the above Example through some shoot 
portions 10 uniformly. 

The rotation axis 5 is fitted by the central 
position at this rotor-core 122'. 

In the position which went into the radial- 
direction inner side a little from the periphery 
face of rotor-core 122\ 4 permanent-magnets 
126 or 129 for fields made from ferrite which 
make the circular arc shape by which the 
central angle was formed at about 90, are 
arranged generally circumferentially at equal 
intervals. 

And, among these permanent-magnet 126 or 
129 for fields, the permanent magnets for fields 
126 and 128 which oppose mutually are 
polarized by N pole, for example. 

The permanent magnets for fields 127 and 
129 which another side opposes are conversely 
polarized by the south pole. It composes so that 
N pole and a south pole may arrange 
alternately. 
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[0062] 

Thickness of the rotor-core 122'portion which 
exists between these permanent-magnet 126 or 
129 for fields, and the gap 10 positioned in its 
periphery side is composed so that at least 
thickness may not narrow toward a pole center 
position from each pole both-ends side of 
permanent-magnet 126 or 129 for fields. (If it 
says conversely, the rotor-core 122'portion 
corresponded to a pole center position 
becomes the thickest. It becomes thin gradually 
so that at least thickness may not widen toward 
pole both-ends sides. Thus it composes.) 
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[0063] 

As for permanent-magnet 126 or 129 for these 
fields, the residual magnetic flux density is 
formed by Br (Tesla). The thickness size of 
radial direction is formed by I (mm). The 
thickness size of rotor-core 122" by the side of 
both ends is very formed by t (mm). 
At this time, thickness size t (mm) of the portion 
of rotor-core 122" very corresponded to a both- 
ends side is in the relation of Br*0.05*l 
IS_LESS_THAN_OR_EQUAL_TO t 
IS_LESS_THAN_OR_EQUAL_TOBr*0.35*l. 
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[0064] 

Moreover, Figure 25 showed the rotor 132 
corresponding to a 15th Example. 

This rotor 132 is composed by rotor-core 132' 
which carries out the multiple-sheets laminate 
of the thin-plate-shaped silicon steel, the 
rotation axis 5 fitted by the central position of 
rotor-core 132', and permanent-magnet 136 or 
139 for the fields made from ferrite provided to 
rotor-core 132". 
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[0065] 

The point different from the Example of the 
above first 4 is the shape of permanent-magnet 
136 or 139 for fields. 

The shape by the side of a periphery of 
permanent-magnet 1 36 or 1 39 for fields of this 
Example is the same as that of permanent- 
magnet 126 or 129 for fields of the Example of 
the above first 4. 

However, the internal-circumference side is 
formed in the shape of a straight line. 

It has the shape which makes semicylinder 
form as entire. 

Thickness size I (mm) of permanent-magnet 
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136 or 139 for fields at this time utilizes the 
value which equalized everything. 
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[0066] 

It attains above 14th and the distribution of a 
gap magnetic flux density in a 15th Example 
and a synthetic torque are shown to Figure 26 
and 27. 

However if it is the rotor cores 122 and 132 of 
the shape like these Examples, Inside of the 
flux which comes out of permanent-magnet 126 
or 129 for fields, and permanent-magnet 136 or 
139 for fields, toward a pole center position from 
a both-ends side very, a flux is a passage rotor- 
core 122' and 132'. It becomes the trend in 
which it flows on a pole both-ends side. 

However, compared with a pole center 
position, it makes to the size to which a 
magnetic saturation tends to occur, by the pole 
both-ends side. 

Therefore it comes to flow stator-core 1' in a 
flux from a gap 10. 

In other words, in a prior art example, a flux 
increases in the pole center position in a gap 
10. 

However, this flux flows a pole both-ends 
side. And it flows from a gap 10 to a stator 1 
little by little. 

Therefore a gap magnetic flux density comes to 
be equalized. 

At the 120 degrees (electrical angle) area for 
the at least 1 pole, It becomes generally 
constant which crushed the top edge part of a 
sine-wave shape in the almost flat state as 
shown to Figure 26. 

Therefore, if an about fixed current flows stator 
coil 3u or 4w in this area of 120 degrees 
(electrical angle), as the synthetic torque 
generated by interaction is shown to Figure 27, 
it will become the waveform with a very small 
unevenness. 
It can obtain smooth rotate-driving. 
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[0067] 

In the Example of the first or 15 explained 
above, it is using and explaining to the 
permanent-magnet-type motor of three-phase 
4-poles. 

However, it is not what was restricted to the 
motor of this shape. It can deform variously and 
it can be implemented. 
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[0068] 

Moreover, that which used the rotor core 
composed from an above Example by carrying 
out the multiple-sheets laminate of the thin- 
plate-shaped silicon steel is explained. 

However, it does not restrict to this. It can be 
used and implemented if it is the rotor core 
which consists of magnetic-substance material. 
There can be an effect similar to an above 
Example. 
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[0069] 

Moreover, an above Example explains the 
permanent iron-core form motor which used the 
permanent magnet made from ferrite. 

However, it does not restrict to this. It can also 
be implemented using permanent magnets, 
such as an Al-Ni-Co and a rare earths. There 
can be an effect similar to an above Example. 
Furthermore, it does not restrict to the method 
of also having mentioned the above the drive 
method of a motor. 

The various drive methods are also 
employable. 
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[EFFECT OF THE INVENTION] 

^^^(D^A^^jf^^ — $ [z. <£ according to the permanent-magnet-type motor 

tLfcf, $mm&!KWG<»9Vmm of this invention . Width of the rotor-core 

portion which exists between the periphery face 
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of the permanent magnet for fields and a gap is 
formed widely gradually toward the other-end 
side from the one end side of the permanent 
magnet for fields for one pole. Or after that, 
width is gradually formed widely by the same 
width to the middle. In the internal- 
circumference side or its periphery side of the 
permanent magnet for fields of a circular arc 
shape, the gap is formed so that it may not 
narrow at least toward each direction of a both- 
ends side near the pole center position of the 
permanent magnet for fields for one pole. Thus 
it composes. 

Therefore the harmonic magnetic-flux-density 
component of a gap flux distribution in a gap 
can be made to reduce as much as possible. 
Therefore a cogging torque is reduced. As a 
result a vibration generated from the apparatus 
made to drive using a permanent-magnet-type 
motor and this motor, the noise generated by 
this vibration etc. can be reduced. 

There is an excellent effect of the above. 
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[0071] 

Moreover, the gap magnetic flux density of the 
permanent magnet for fields for one pole on 
which a stator coil acts can make it change from 
the one end side with supplying electricity 
angles greatly toward another-end side. Thus it 
composes. 

Therefore there is an excellent effect that the 
driving torque of a motor can be obtained to the 
range of a high rotation number. 



[BRIEF EXPLANATION OF DRAWINGS] 



[Ell] [FIGURE 1] 

Ml<vMMffl^&tf&7KtKB^ Tne t0 P view of tne permanent-magnet-type 
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motor in a first Example 

[FIGURE 2] 

The expanded view of a rotor in Figure 1 
[FIGURE 3] 

The electric block diagram of a permanent- 
magnet-type motor 

[FIGURE 4] 

The figure which shows the supplying electricity 
sequence to a stator coil 

[FIGURE 5] 

The figure which shows the distribution of a gap 
magnetic flux density in this invention 

[FIGURE 6] 

The figure which shows the Found value of a 
cogging torque in a first Example 

[FIGURE 7] 

The expanded view of a rotor in a 2nd Example 



[FIGURE 8] 

The expanded view of a rotor in a third 
embodiment 

[FIGURE 9] 

The expanded view of a rotor in a fourth 
Example 

[FIGURE 10] 

The expanded view of a rotor in a 5th Example 



[FIGURE 11] 

The expanded view of a rotor in a 6th Example 



[FIGURE 12] 

The expanded view of a rotor in a seventh 
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[013] [FIGURE 13] 

^ 8 coHife'fJill-ioltSlHllG^-cD The expanded view of a rotor in an eighth 

Example 

[Ell 4] [FIGURE 14] 

III 9 CO ^M^il \z.$oVf%> [Uls^P CO The expanded view of a rotor in a 9th Example 

te*0 

[015] [FIGURE 15] 

Wil 0 <Dmi&Mtet5rtz>^mRl The figure wnich shows the form of the 

TkfKm^tDM^^'tm permanent magnet for fields in a 1 0th Example 

[0 16] [FIGURE 16] 

fl i O'MMM^iotf&M-MRl The fi g ure whicn shows the form of the 

7l<.t\.m>G<Dl&yt$:7Frtffl permanent magnet for fields in a 11th Example 

[017] [FIGURE 17] 

W> 6 1 1 coMMMi^-ioli' Tne fig ure which shows the distribution of a gap 

Z&l&M'M&St&ftfB&TF-fffl magnetic flux density in the Example of the 6th 

or 11 

[Ell 8] [FIGURE 18] 

MM&$ikQm8M$$&ftl5<o The supplying electricity area and the figure 

K^^r^i-IH which shows the relationship of a gap 

magnetic-flux-density distribution 

[019] [FIGURE 19] 

mW.^mtmWMM&l&^oo The supplying electricity area and the figure 

M^^^'f'M which shows the relationship of a gap 

magnetic-flux-density distribution 

[02 0] [FIGURE 20] 

p mfe^ ^t^-^-0 The figure which shows a motor characteristic 

[02 1] [FIGURE 21] 

Hi 2 (DMMM^&tf & [nlls^F- The expanded view of a rotor in a 12th Example 

[02 2] [FIGURE 22] 

Hi 3 W^JfeW^fc^tStHJls^f- The expanded view of a rotor in a 13th Example 
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[02 3] [FIGURE 23] 

$£MWRXF^%£$]<DMM$.J&'fr A P rior art example and the comparison figure 

(DVc$£M °^ * ne ha rmon i c component of this invention 

[1212 4] [FIGURE 24] 

|[1 4 <D^ffli¥\k~i5tf & ©Is^f- The expanded view of a rotor in a 14th Example 

[825] [FIGURE 25] 

f 1 5 CDMMW^-iS ft <5 HOIiH 1 The expanded view of a rotor in a 1 5th Example 

[026] [FIGURE 26] 

Hi 4 2k.&1$ l 5 <Z)H#tlL#!Hc:;fe The fi9 ure which shows the distribution of a gap 

vz&mMMmm<D#ifiZ*-$- ma 9 netic flux densit v in a 14tn and 15th 

gj Example 

[EI 2 7] [FIGURE 27] 

% 1 4 25. 1 5 co^Jfe^ilt' jo The figure which shows the synthetic torque in a 

It 5^ h/^ It^-tm 14th and 15th Example 

[028] [FIGURE 28] 

^^(DTktKti&^j&^ — F co^pffi The top view of the conventional permanent- 
ly magnet-type motor 

[02 9] [FIGURE 29] 

028 icfeit 5 HllsT-cote^llI The expanded view of a rotor in Figure 28 

[03 0] [FIGURE 30] 

&%<DQMMM$5Sk$$1fi$:7F~i~ Tne figure which shows the conventional void 

[g] magnetic-flux-density distribution 

[031] [FIGURE 31] 

^>(5CO=i drV^ h /l^OlljiHjf The figure which shows the Found value of the 

SttjH^IH conventional cogging torque 

[03 2] [FIGURE 32] 

ii'a^r^^^lSsK^^r^^O The supplying electricity area and the figure 

KKiSr^'^m which shows the relationship of a void 

magnetic-flux-density distribution 

[03 3] [FIGURE 33] 

mMU-f^t^WMM^^y^i(D The supplying electricity area and the figure 

which shows the relationship of a void 
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magnetic-flux-density distribution 
[FIGURE 34] 

The figure which shows the conventional motor 
characteristics 
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[EXPLANATION OF DRAWING] 

1 Stator 
1 ' Stator core 

2 Rotor 
2' Rotor core 

^ 3u, 3v, 3w Stator coil 

3u, 3v, 3w HaE^^-Y 4u, 4v, 4w Stator coil 
;Xy 6, 7, 8, and 9 Permanent magnet for fields 

4u, 4v, 4w 10 Gap 

;v 

6, 7, 8, 9 
1 0 ^K?gfl# 
[02] 



[FIGURE 2] 




2* Rotor core 
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[FIGURE 4] 
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[FIGURE 18] 




Vertical axis: gap magnetic-flux-density 
Horizontal axis: electric angle 
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[FIGURE 1] 




fa. ^fflfKXw^h 

1 Stator 

1 a Semienclosed-type slots 
1' Stator core 

2 Rotor 
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[FIGURE 3] 
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12: switching main circuit 
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[FIGURE 5] 




Vertical axis: magnetic-flux-density 
Horizontal axis: Angle (electric angle) 
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[FIGURE 6] 
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Vertical axis: Cogging torque 
Horizontal axis: rotation angle 
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[FIGURE 7] 
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[FIGURE 8] 
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[FIGURE 14] 



[FIGURE 15] 



[FIGURE 16] 
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[FIGURE 17] 




Vertical axis: gap magnetic-flux-density 
Horizontal axis: electric angle 
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[FIGURE 19] 




Vertical axis: gap magnetic-flux-density 
Horizontal axis: electric angle 
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[FIGURE 20] 
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Vertical axis: Rotation number 
Horizontal axis: Torque 
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[FIGURE 21] 
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[FIGURE 22] 
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Vertical axis: Ratio of gap magnetic-f lux-density to standard wave 
Horizontal axis: Component order 
Traditional Example, This invention 
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[FIGURE 26] 
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Vertical axis: magnetic-flux-density 
Horizontal axis: Rotation angle (electric angle) 
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[FIGURE 27] 
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Vertical axis: Torque 

Horizontal axis: Rotation angle (Electric angle) 
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[FIGURE 28] 
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[FIGURE 29] 
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Vertical axis: Gap magnetic-flux-density 
Horizontal axis: Electric angle 
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[FIGURE 32] 




Vertical axis: Gap magnetic-flux-density 
Horizontal axis: Electric angle 
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[FIGURE 33] 
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Vertical axis: Gap magrtetic-flux-density 
Horizontal axis: Electric angle 
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[FIGURE 31] 




Vertical axis: Cogging torque 
Horizontal axis: Rotation angle 
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[FIGURE 34] 
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Vertical axis: Rotation Number 
Horizontal axis: Torque 
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[SUMMARY OF THE INVENTION] 

The rotor for a rotating electric machine 
equipped with the cover which can prevent the 
increase of gap loss is provided. 

[SUMMARY OF THE INVENTION] 

In the peripheral surface of the rotor core 61 
of a rotor, the magnetic pole region (permanent 
magnet in Figure 4) 62 comprising a 
ferromagnetic material and nonmagnetic pole 
region (groove in Figure 4) 62a which is a 
nonmagnetic region, are alternately formed by 
the rotation direction. 

The cover 7 which surrounds the magnetic 
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pole region 62 and nonmagnetic pole region 
62a, contacting with the surface of the magnetic 
pole region 62, it has the ferromagnetic 
magnetic pole region coating part 71 made 
intimate contact in the magnetic pole region 62, 
and the nonmagnetic nonpole region coating 
part 72 which surrounds nonmagnetic region 
62a. As for both coating parts 71 and 72, for 
example, the part heating of the part of the 
nonmagnetic pole region coating part 72 of an 
austenitic stainless steels ferromagnetized with 
cold working is carried out by the laser etc., and 
it is produced. 




[CLAIMS] 



[fit 1 ] 

m.mmm<Dmm\~&% loo mi 



[CLAIM 1] 

The rotor for a rotating electric machine, in 
which the rotor for a rotating electric machine 
equipped with the rotor core to which the 
magnetic pole region comprising a 
ferromagnetic material and the nonmagnetic 
pole region which is a nonmagnetic region are 
alternately formed by rotation direction, and 
opposes it rotatably in the magnetic pole 
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surface of a stator core, and the cover which 
surrounds the above mentioned magnetic pole 
region and a nonmagnetic pole region, 
contacting with the surface of the above 
mentioned magnetic pole region. 

Wherein, the above mentioned cover consists 
of the ferromagnetic magnetic pole region 
coating part made intimate contact in the above 
mentioned magnetic pole region, and the 
nonmagnetic nonpole region coating part which 
surrounds the above mentioned nonmagnetic 
pole region. 

The above mentioned both coating part 
consists of the same raw material from which 
crystal structure differs. 

[CLAIM 2] 

The above mentioned rotor core contains the 
permanent magnet arranged to the periphery of 
a revolving shaft at a constant interval. The 
above mentioned magnetic pole region consists 
from the magnetic pole surface of the above 
mentioned permanent magnet. The rotor for the 
rotating electric machine of Claim 1 . 



[CLAIM 3] 

In the above mentioned rotor core, it consists 
of the iron core of the director by which a 
revolving shaft inserts and a rotor coil is wound. 

The groove of the above mentioned iron core 
for rotor coil accommodation comprises the 
above mentioned nonmagnetic pole region. The 
non-groove surface of the above mentioned iron 
core comprises the above mentioned magnetic 
pole region. The rotor for the rotating electric 
machine of Claim 1. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] 



[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to the rotor for the 
rotating electric machine of the format that a 
magnetic pole surface has alternately a 
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[PRIOR ART] 

Conventionally, in the cylindrical rotor of a 
permanent magnet type, the mechanical 
strength of a permanent magnet is small, and 
since it is brittle, it is common to cover the 
magnetic pole surface of a permanent magnet 
and to insert a cylindrical cover. 

Normal adoption of the nonmagnetic metal is 
carried out as a material of this cover. 

However, the unexamined Japanese patent 
No. 57-177263 gazette has proposed the glass 
fiber reinforcement resin cured substance. 



[0 0 0 3] 



[0003] 

Moreover, conventionally, a nonmagnetic 
protection cover is inserted to the rotor core 
comprising the iron core of the director by which 
a revolving shaft inserts and a rotor coil is 
wound. 

The rotors (for example, canned motor etc.) 
which implemented deviation prevention of a 
rotor coil and usage in a faulty environment are 
known. 



[0 0 0 4] 
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[PROBLEM ADDRESSED] 

However, as for an above mentioned 
permanent magnet cover, only the part of the 
thickness increases the gap between a rotor 
core and a stator core. 

Magneto resistance increases. 

A reduction of the effective flux of a gap is 
caused. Since the number of windings needs to 
be increased, a winding wire resistor increases. 
There was a big fault of having caused an 
output reduction. 
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[0005] 

Moreover, the protection cover inserted to the 
rotor core comprising the above mentioned iron 
core of a rotor coil winding completely also has 
a similar fault. 

This invention was done in view of the above 
problem. 

It aims at providing the rotor for a rotating 
electric machine equipped with the cover which 
can prevent increase of gap loss. 



[0 0 0 6] 
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[SOLUTION OF THE INVENTION] 

The rotor for the rotating electric machine of 
this invention, the rotor for a rotating electric 
machine equipped with the rotor core to which 
the magnetic pole region comprising a 
ferromagnetic material and the nonmagnetic 
pole region which is a nonmagnetic region are 
alternately formed by rotation direction, and 
opposes it rotatably in the magnetic pole 
surface of a stator core, and the cover which 
surrounds the above mentioned magnetic pole 
region and a nonmagnetic pole region, 
contacting with the surface of the above 
mentioned magnetic pole region. 

Wherein, the above mentioned cover consists 
the ferromagnetic magnetic pole region coating 
part made intimate contact in the above 
mentioned magnetic pole region, and the 
nonmagnetic nonpole region coating part which 
surrounds the above mentioned nonmagnetic 
pole region dry. 

The above mentioned both coating part is 
characterized by comprising the same raw 
material which has the crystal structure which 
differs mutually. 
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In a suitable aspect, the above mentioned 
rotor core contains the permanent magnet 
arranged to the periphery of a revolving shaft at 



02/11/18 



6/18 



(C) DERWENT 



JP6-245418-A 



mxmm. $ ti & * t^m* ^ 

■So 



THOMSON 

,,, l , l ^^ wu , , l , l , l , *« 

DERWENT 

a constant interval. 

The above mentioned magnetic pole region 
consists from the magnetic pole surface of the 
above mentioned permanent magnet. 

In a suitable other aspect the above 
mentioned rotor core, a revolving shaft inserts 
and it consists of the iron core of the director by 
which a rotor coil is wound. 

The groove of the above mentioned iron core 
for rotor coil accommodation comprises the 
above mentioned nonmagnetic pole region. The 
non-groove surface of the above mentioned iron 
core comprises the above mentioned magnetic 
pole region. 
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[An action and an effect of the invention] 

As for rotor core, the magnetic pole region 
comprising a ferromagnetic material and the 
nonmagnetic pole region which is a 
nonmagnetic region are alternately formed by 
the rotation direction. 

The cover which surrounds a magnetic pole 
region and a nonmagnetic pole region, 
contacting with the surface of a magnetic pole 
region is equipped with the ferromagnetic 
magnetic pole region coating part made 
intimate contact in a magnetic pole region, and 
the non-magnetic nonmagnetic pole region 
coating part which surrounds a nonmagnetic 
region. Both coating parts consist of the same 
raw material which has the crystal structure 
which differs mutually. 

[0009] 

Therefore, the magnetic pole region of a rotor 
core will oppose the magnetic pole surface of a 
stator core through the ferromagnetic magnetic 
pole region coating part of a cover. 

A gap does not increase substantially and the 
increase in loss and an output reduction are not 
produced. 

Moreover, the nonmagnetic pole region 
coating part of the cover which surrounds the 
nonmagnetic pole region of a rotor core is 
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nonmagnetic. 

Therefore, leak of the flux between adjacent 
magnetic pole regions does not increase. Loss 
increase and an output reduction are not 
generated. 

[0010] 

Furthermore, a cover can be formed as an 
integral object for the same raw material. 

Therefore, even when it is thin, it consists 
high strength mechanically. 

The mechanical strength of an internal rotor 
core is improved. 
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[Example] 

mwmi) -&m%&mm\^tL (Example 1) 

rf'y -yvy^^t— ^cdIhIIS-T-od— An example of the rotor of the brushless 

mzmi-mizmM^xmw motor which used this invention is 

-f -5 HI l fi * (Dzf? is u^^e demonstrated with reference to the Figure 1 ~~ 

- * <Dm*famm*™ LT *5 Fi9 ^J e ^ is showing the axial direction cross 

<9 , T/P 5. a &&mw h r5 R section of this brushless motor. 

W^<T>^^^^\<r>W^ The end aperture of the housing 1 of the 

Pll7ay aStf cylindrical shape which makes an aluminum 

ij-t7 \y — .A 2 b {c J: D fMM. £ containing alloy a raw material is closed by front 

fiX $5 7;u % & t f ranne 2a 3 nd rear frame 2b. Front frame 2a and 

f57py aXri rear f rame 2b which make an aluminum 

n /, o u H-*b?*i+ *->(>■ containing alloy a raw material are supporting a 

[0 0 12] [0012] 

/^ty -yytf 1 <7)|^]®tcj3\ MS The stator core 4 of an about cylindrical 

/j^p^^^iq^jjf^^ky 1 — sha P e which ends °P en is press-fitted by the 

^7^-7/^1x1 -7 inner face of a housing 1 . 

, r The convex form magnetic pole of a 

t ^ ? 4<DnHmfrbm*i} prescribed number is protruded by the direction 

^rnJ^s Ji s o, Mf^fRl^r^rat- toward of a centripetal, and peripheral direction 

STA^'fliiiccodbBffilE^^ix: $ regular intervals from the internal circumference 

^fch&ffiWM\Z-^ir~ & surface of a stator core 4. 

^-f/i/ 5 ;$sflggi](c#^$tiTl^ The stator coil ^ is individually wound by 

§ Q ^^~CfA 7^*r — $ A these con vexes type magnetic pole, 

ttiiii^n < ma#J«^ag L Here ' a ^9^ei\c steel sheet is laminated and 



02/11/18 



8/18 



(C) DERWENT 



JP6-245418-A 



[0013] 

m 3 \zj±xmm tsHzmmm 

CDo — f 376 1 ^3 

# k * (ommmm % m^-r a „ ) 

5„)6i &U { #3fc4M&5' 62© 

if 6 3 j£i*3R 
fl57&tK«:*f L*^^ 6 2 icm. 

[0014] 

(Fe— Cr— N 
i Fe 7 0 ~ 7 4 w 

t %, Crl8-2 0wtl 
N i 8 — 1 0wt%)jj^4{), 
f^H'JS^O. 4mmfMfttC 
^fiSc&tvCV^So 7 

jyfa—jzmffsx'jKM 7 o tmm 

flX is V) x /ftgp 7 0 iiJfc'C^ 
fo] — #f <9 ft if e> friX * 6 

— 7, a — #=1 

T 6 1 ^Ukg-ik^Mffi^r 6 2 

# In] ft xj U fiL fffl £ tl T ^ 



THOMSON 

OERWEMT 
the stator core 4 is formed so that normally. 

[0013] 

The rotor 6 is inserted by the revolving shaft 3 
as shown to Figure 2 and 3. 

In addition, Figure 2 shows the axial direction 
cross section of a rotor 6. 

Figure 3 shows the transverse plane of the 
shaft right-angled direction. 

As for Rotor 6, the rotor core 61 of the 
cylindrical shape by which consists of a soft iron 
lump and a press-fitting insertion is carried out 
at a revolving shaft 3, 4-piece permanent 
magnet 62 attached by the periphery of the 
rotor core 61 at the constant interval at the 
peripheral direction (The one part, especially its 
magnetic pole region of the rotor core said by 
this invention is comprised). 

The spacer 63 of the disk shape with a shaft 
hole attached by the rotor core (remainder of 
the rotor core said by this invention is 
comprised) 61, and each permanent magnet 62 
back and front end face, and the cover 7 which 
has the shape of thin cylindrical, is inserted by 
the permanent magnet 62, and is attached, it 
consists of the above. 

[0014] 

Cover 7 consists of austenitic stainless steels 
(a Fe-Cr-Ni system alloy, 70—74 wt% of Fe, 18 
—20 wt% of Cr, 8— 10 wt% of Ni). 

For example, about 0.4 mm in thickness 
forms. 

In the ends of cover 7, as shown to Figure 3, 
the pawl 70 is formed by the peripheral direction 
at the fixed interval. 

A pawl 70 is bent in the direction of a 
centripetal, and clamps a spacer 63, and, 
thereby, cover 7, the spacer 63, the rotor core 
61, and axial direction relative displacement of 
each permanent magnet 62 are regulated. 

A spacer 63 consists of the nonmagnetic 
material which makes an aluminum containing 
alloy etc. a raw material, for example. 

While protecting the end face of a permanent 
magnet 62, cover 7, the permanent magnet 62, 
and the engagement degree between the rotor 
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cores 61 are improved. 

In addition, the pawl 70 is arranged to the end 
face of a permanent magnet 62 adjacent, as 
shown to Figure 3. 



[001 5 ] 
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[0015] 

A permanent magnet (magnetic pole region 
said by this invention) 62 has a partial 
cylindrical shape, as shown to Figure 3. 

The periphery surface is made intimate 
contact in the internal circumference surface of 
cover 7. 

The peripheral direction ends of the internal 
circumference surface of a permanent magnet 
62 are in contact with the peripheral direction 
end of the internal circumference surface of the 
adjacent permanent magnet 62. The peripheral 
direction ends of the periphery surface of a 
permanent magnet 62 have separated the 
predetermined interval with respect to the 
peripheral direction end of the periphery surface 
of the adjacent permanent magnet 62. 

Eventually, the 2-piece permanent magnets 
62 and 62 contiguity are arranged on both sides 
of V-shaped groove (nonmagnetic pole region 
said by this invention) 62a. 

As for each permanent magnet 62, the 
periphery surface and the internal 
circumference surface are magnetized so as to 
become the magnetic pole. 

The adjacent permanent magnets 62 and 62 
are magnetized by the reverse direction. 

[0016] 

Furthermore, when demonstrating, the cover 
7 which meets the magnetic pole surface of a 
stator core 4 through the gap of about 1 mm has 
ferromagnetism in the area (henceforth a 
magnetic pole region coating part) 71 which 
touches a permanent magnet 62. 

In the area (henceforth a magnetic pole 
region coating part) 72 which touches groove 
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62a, it has nonmagnetism. 

Consequently, in spite of inserting, fixing and 
protecting a permanent magnet 62 by cover 7, it 
can prevent substantially that the gap between 
a permanent magnet 62 and the stator core 4 
increases, and an output reduction can be 
prevented. 

Moreover, the nonmagnetic pole region 
coating part 72 on groove 62a is nonmagnetic. 
There is no encouraging a flux leakage. 
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[0017] 

81 is a position sensor which detects the 
angle of rotation of the rotor core 61 . 

82 is a power supply terminal to a stator coil 

5. 

Operation of this brushless motor is common 
knowledge. 

Description is abbreviated. 

Next, how to produce the magnetic pole 
region coating part 71 and the nonmagnetic 
pole region coating part 72 to cover 7 is 
demonstrated. 



[0 0 18] 
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[0018] 

First, the cover 7 by which the press molding 
was carried out to the cylindrical shape with 
cold working is inserted to a permanent magnet 
62. 

A pawl 70 is bent and cover 7, the permanent 
magnet 62, the spacer 63, and the rotor core 61 
are fixed. 

The adhesive agent is applied to the 
necessary part at this time. 

The cover 7 which makes an austenitic 
stainless steels a raw material is changing from 
nonmagnetic material crystal structure to 
ferromagnetic material crystal structure with 
cold working (it is the process induction 
martensite). 



[0019] 



[0019] 

Next, the revolving shaft 3 of this rotor 6 is 
rotatably held with a not shown jig. 
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Furthermore, one end of a revolving shaft 3 is 
connected to the drive shaft of a not shown 
stepping motor. 

Next, a C02 laser device is provided, for 
example. 

It irradiates, scanning the laser beam to an 
axial direction to the schedule area of the 
nonmagnetic pole region coating part 72 of 
cover 7 by the polygon mirror etc. 



[0 0 2 0] 

7fc*:U l/-1f— hf— ^cDtU^f 
^Jt&VMMii. ^—7 

^#MM^HM^ 7 2 5&S>t7/< 
- 7 (7>sg] £ T-^tfc § 

— y-»^T "f~y h^k^^y 

y * m & u t -r 6 # / ^— 7 i * 

(S6 0 0°C) Wi^JP 

flautist, w*-— 

}£B«S5 7 2 co^^MftSc^ l^- 
f-t:-AMLt6 0 0°C 

MHgil£7 2(D^^a^cSr*/< 
-7^lBSt6 0 0°CWi^ 

WitSi, fftfii^— if— if- 

BUT 2»^£tL5 0 



[0020] 

At this time, the spot diameter of a laser beam 
is set to 3 mm, for example. 

However, the alteration can be performed. 

However, the output density and the scanning 
speed of a laser beam, It uses as a power 
necessary for forming until the nonmagnetic 
pole region coating part 72 reaches cover 7 at 
the backside of cover 7. 

In addition, if the cover 7 which makes an 
austenitic stainless steels a raw material is 
heated beyond at a transformation point (about 
600 degrees Celsius), the transformation of it 
will be again carried out to the structure of an 
austenitic, and it will serve as a nonmagnetic 
material. 

Therefore, if a laser beam is irradiated to the 
schedule area of the nonmagnetic pole region 
coating part 72 and it heats more than 600 
degrees Celsius, the nonmagnetic pole region 
72 will be produced. 

However, in case the schedule area of the 
nonmagnetic pole region 72 is heated to the 
backside of cover 7 more than 600 degrees 
Celsius, heat is transmitted also in the direction 
of a surface of cover 7 with a heat transfer from 
the peripheral part of the spot of a laser beam. 

As a result, the nonmagnetic pole region 
coating part 72 is formed only prescribed 
distance by the outer side from the peripheral 
part of the spot of a laser beam. 



[0 0 21] [0021] 
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nonmagnetic pole region coating part 72 is 
shown. 

In this Example, influence of the heat transfer 
to the above mentioned direction of a surface of 
a laser beam to the cover 7 is taken into 
consideration. Nonmagnetic pole region coating 
part 72, namely, the part heated more than 600 
degrees Celsius of cover 7, makes L2 that is 
shorter than the peripheral direction width L1 by 
the side of the periphery of groove 62a. 

In the example of this, L1 could be to 6 mm 
and L2 could be 4 mm. 

Thereby, it can prevent that heat of a 
Centigrade several hundred whenever does a 
bad influence to a permanent magnet 62. 



[0 0 2 2] 

U — if— If— s<~ 7 (Di 

[Stfte£ii\ ^(O^ frcDU— if 

\c^m-r s mi ^ u— if ~ if— ^ 

7 2$rff^ScU r^^-7?: 
6 2 (Cfec^bT ^ J: 

^tmmmfr h mmc u— — \? 

— if — if— A d i 5 6 0 0 °C£X 



[0022] 

Whenever it scans a laser beam once to the 
axial direction of cover 7, a stepping motor 
carries out prescribed angle rotation of the rotor 
6. 

After that, the following laser beam is 
scanned and this is repeated in order. 

In addition, before inserting the cover 7 which 
it cold-worked, to a permanent magnet 62, it 
heats by the laser beam. 

The nonmagnetic pole region coating part 72 
may be formed, and this cover 7 may be 
inserted to a permanent magnet 62. 

In this case, a laser beam can be 
simultaneously irradiated from front and back 
both sides of cover 7. The heating depth more 
than 600 degrees Celsius by the laser beam 
serves as half, and a temperature diffusion of 
the direction of a surface reduces. 



[0 0 2 3] 
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[0023] 

Moreover, it is good also as high manganese 
steel which has cover 7 a characteristic similar 
to an above austenitic stainless steels. 

Moreover, for a part heating of cover 7, 
Besides above laser beam irradiation, high 
temperature heats and the drum on which many 
peaks were formed by the peripheral surface to 
the axial direction at the parallel is provided. 

The approach of carrying out synchronous 
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rotation, making the peripheral surface of the 
rotor 6 with cover 7 contacts the peripheral 
surface of this drum is also employable. 
(Example 2) 
Another Example is demonstrated below. 



[0024] 

In above Example 1 , the rotor 6 was taken as 
the rotor of a brushless motor, or the rotor of a 
synchronous machine. 

However, also let a rotor 6 be the format 
which wound the rotor coil to the iron core. 

As for such a rotor, the induction machine, the 
DC machine, etc. are used widely. 

Naturally, cover 7 consists the magnetic pole 
region coating part 71 in the part which touches 
the part used as the magnetic pole surface of a 
rotor core. In the part that touches another part 
(a slot or groove), it consists the nonmagnetic 
pole region coating part 72. 



[0025] 

It can prevent that a rotor coil deviates from 
the groove or the slot of a rotor in this way. 

Moreover, a rotor coil can be protected from 
corrosive atmosphere or a harsh environment. 

In the above description, it used as the rotor 6 
of an axial gap type rotary electric machine. 

However, naturally, it can apply also to the 
disc-like rotor of a radial gap format. 



[0026] 

In this case, cover 7 consists of disk shape. 
Therefore, a forming process consists very 
easy. 

[BRIEF EXPLANATION OF DRAWINGS] 
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[FIGURE 1] 

It is the axial sectional view of the brushless 
motor which is one Example of this invention. 



[FIGURE 2] 

It is the axial sectional view of the rotor of the 
motor of Figure 1 . 

[FIGURE 3] 

It is the front elevation seen from the radial 
direction of the rotor of Figure 3. 

[FIGURE 4] 

It is the partial enlargement radial direction 
arrow sectional drawing of the rotor of Figure 2. 

[EXPLANATION OF DRAWING] 

4 is a stator core. 6 is a rotor. 7 is cover. 61 is 
a rotor core (magnetic pole region). 62a is a 
groove (nonmagnetic pole region). 71 is a 
magnetic pole region coating part 72 is a 
nonmagnetic pole region coating part. 
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[FIGURE 1] 
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[14] 



[FIGURE 4] 
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